Immunological memory has been believed to be a feature of the adaptive immune system for long period, but recent reports suggest that the innate immune system also exhibits memory-like reaction. Although evidence of innate immune memory is accumulating, no in vivo experimental data has clearly implicated a molecular mechanism, or even a cell-type, for this phenomenon. In this study of data deposited into Gene Expression Omnibus (GEO) under GSE71111, we analyzed the expression profile of peritoneal macrophages isolated from mice preadministrated with toll-like receptor (TLR) ligands, mimicking pathogen infection. In these macrophages, increased expression of a group of innate immunity-related genes was sustained over a long period of time, and these genes overlapped with ATF7-regulated genes. We conclude that ATF7 plays an important role in innate immune memory in macrophages.
Direct link to deposited data[provide URL below]
The data is available at the GEO database under: http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE71111.
Experimental design, materials and methods

Study design
This series contain seven sets of expression array data. Two sets (GSM1826947-GSM1826954) were analyzed to identify ATF7-regulated genes. The remaining five sets (GSM1826955-GSM1826974) were analyzed to identify genes whose expression was potentially linked to innate immune memory. For all sets, we prepared four CEL files generated by four independent biological experiments. 
Materials
Contents lists available at ScienceDirect
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Preparation of samples
Peritoneal macrophages were collected from male wild-type and Atf 7 −/− mice by peritoneal washing and cultured in Macrophage-SFM. Before and after overnight incubation, dish surfaces were washed by pipetting with PBS to remove non-adherent cells, such as lymphocytes, leaving behind the peritoneal macrophages.
To analyze the expression of genes involved in innate immune memory, male wild-type mice were injected intravenously with LPS (5 μg), PGN (50 μg), IMQ (250 μg), BG (1 mg), or PBS (as a control). Three weeks after injection, peritoneal macrophages were collected from these mice.
Total RNA was isolated from the macrophages using TRIzol following the manufacturer's protocol. cDNA was generated from the RNA sample using the WT expression kit and was labeled using the WT terminal labeling kit. These samples were hybridized to the Mouse Gene 1.0 ST Array according to the manufacturer's instructions.
Statistical analysis of the microarray data sets
The raw data (CEL file) were first normalized using the Robust Multiarray Average (RMA) method (RMA-sketch workflow in the Expression Console software [Affymetrix]). Comparison of the expression levels was then performed using the R package 'limma' [3] . Briefly, after a log2 transformation of the signal, a linear model was fitted to each sample to assess variability, and comparisons of groups of interest were made using the empirical Bayes test. The resulting P values were corrected for multiple comparisons tests according to the Benjamini-Hochberg method [2] . Differentially expressed genes (DEGs) that were upregulated were defined as a fold change N 1.3 and P b 0.05 in Atf 7 −/− mice relative to wild-type mice, or in TLR ligand-injected mice relative to PBS-injected mice.
Network analysis
We predicted the transcription factors responsible for the regulation of the DEGs and their mechanistic networks. To explore upstream regulatory molecules of the upregulated DEGs, we performed "upstream analysis" using Ingenuity Pathway Analysis (IPA) software [4] , and transcription factors responsible for regulation of the DEGs and their mechanistic networks were predicted. The candidates for the upstream transcription factors were confirmed by changes in their own expression.
To assess the functions of DEGs, enrichment analysis was performed based on the functional categories of the KEGG database [5] (Kyoto Encyclopedia of Genes and Genomes). Enriched functional categories were identified by Fisher's exact test using R version 2.15 and visualized using FuncTree [6] (http://bioviz.tokyo/functree/), an online visualization tool for KEGG pathways.
Results
To find ATF7-regulated genes, we compared the expression profiles of macrophages from wild-type and Atf7 −/− mice, finding 2225 upregulated DEGs. At 3 weeks after injection, 117, 49, 72, and 602 DEGs were detected in LPS, PGN, IMQ, or BG-injected mice, respectively, using PBS-injected mice as a control. A significant fraction of the LPSinduced DEGs was regulated by ATF7 (43.6%, 51/117, chi-square test, P = 9.9 × 10 −158 ). PGN-and BG-induced DEGs had a similar tendency, but not the IMQ-induced DEGs. Network analysis revealed that LPS-and BG-induced DEGs included genes regulated directly or indirectly by STAT1, which expression is regulated by ATF7 (ref. [7] ).
